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Outline

• Why include fish as a core indicator in 
rivers?

• Fish sampling considerations
• How are fish data converted to 

assessments?



Why Include Fish (1)?
• Stable if environment is stable
• Recover rapidly from droughts & floods
• Purely aquatic & many are continuous 

residents (monitors)
• Occur in nearly all rivers
• Taxonomy is reasonably well-known to 

species
• Relatively easy to identify in field



Why Include Fish (2)?

• Many are long-lived (reflect long-term & 
current conditions)

• Many have large ranges (reflect regional & 
macrohabitat conditions)

• Biology reasonably well-known (multiple 
tolerance, life history, trophic, habitat, and 
reproduction guilds)

• Integrate lower trophic levels 
• Bioaccumulate toxic chemicals
• Have experienced precipitous declines



(from Aadland et al 2005)

(from Aadland
et al. 2005; 184 kg)

(from Maret & Mebane
2005; 286 kg)



Mercury Concentrations in Western USA Fish (from
Peterson et al.)

Human consumption criterion

Wildlife consumption
criterion





Causes of Endangerment (from Kelly Reed)

Rank Cause of Endangerment # Species % Listed Fish 

1.    Water Diversions 111 98%

2a.     Invasive/Alien Species 56 49%

2b. Pollution 56 49%

4. Agriculture 47 41%

5. Urbanization 26 23%

6. Mining, Drilling 24 21%

7. Logging & Silviculture 17 15%



Why Include Fish (3)?

• Of great concern to citizens (food, sport, 
fish kills)

• Considerable economic value
• Basis for many State use designations
• Subjects of 8 professional journals in 

USA
• Focus of 3 professional societies in 

USA
• May stimulate interagency collaboration





State Agencies Assessing
Fish Assemblages

AL, AR, AZ, CA, CO, FL, ID, IA, 
KS, KY, MD, MI, MO, NC, ND, 
NE, NV, OH, OK, OR, PA, TX, 
NY, VT, WI, WV 



Sampling Considerations (1): 
What to Avoid

• Biomarkers
• Genetic diversity
• Biomass
• Absolute abundance
• Production
• Subspecies



Sampling Considerations (2):
What to Sample

• Representative sample of entire fish 
assemblage

• Species & their abundances 
• Species size ranges
• Anomalies (disease, deformities, eroded 

fins, lesions, tumors)



VERTEBRATE COLLECTION 
FORM



VERTEBRATE COLLECTION 
FORM (p. 2)



Sampling Considerations (3): 
Issues

• Off-channel habitats (sloughs, lakes, 
tributaries, wetlands)

• Saline/brackish estuaries
• Tidal reaches
• Run of river reservoirs
• Mid-channels vs. nearshore
• Day vs. night





Sampling Considerations (4):
More Issues

• Collection permits
• Museum vouchers
• Tissue samples
• Gear (passive, active)
• Platform (boats, rafts)
• Reach length (effort)
• Logistics (access, egress, barriers)













Estimating Adequate Electrofishing Distance 
for IBI Calculation (from Hughes & Herlihy 2007)









How are Data Converted to an 
Assessment: What is a Fish IBI (1)?

• Quantitative assessment 
• Of the ecological quality 
• Of an entire fish assemblage
• Based on ichthyological judgement
• Using multiple metrics (variables)
• That are rigorously evaluated (range, 

responsiveness, signal/noise, & 
redundancy for each metric class)

• Yielding a single number sensitive to 
multiple stressors & disturbances



Fish IBI (2) Metric Classes
• Taxonomic richness
• Species composition
• Trophic guilds
• Habitat guilds
• Reproduction guilds
• General tolerance 
• Life history
• Size, life span
• Abundance
• Aliens
• DELTS



Fish IBI (3): Metric Assumptions
• Intolerants (-)
• Maximum sizes & size classes (-)
• Specialists (-)
• Anadromy & potamodromy (-)
• Native species (-)
• Abundance (-)
• Cosmopolitans (+)
• Generalists (+)
• Tolerants (+)
• Aliens (+)
• DELTS (+)







EMAP-West Nonnative Occurrence 
by Stream Order
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Temporal change in FBI scores (700 sites 
evenly distributed among French rivers; 

from Didier Pont)

Change in FBI scores across a network of 700 French rivers 
(from Didier Pont)



Index classes
1 – very good
2 – good
3 – moderate
4 – poor
5 – bad

Pont et al.

European FBI scores (from Stefan Schumtz)
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Possible Research Questions

• What is the optimum reach length?
• What is the optimum sampling gear?
• How are effects of water diversions best 

quantitatively evaluated?
• How are effects of alien species best 

quantitatively evaluated?
• How might an ESA Section 10 IAG 

consultation be implemented among 
EPA, FWS & NMFS?


